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Abstract 
This paper presents a computer application to be used in auditory verbal education of young age hearing affected children 
implementing an exercise designed to train the children to perceive and differentiate non verbal sounds and noises featuring 
the capability to adapt the emission of stimuli according to the performance of the hearing affected in order to minimize the 
implication of a supervisor. We also present the results and the conclusions of a study in which a simplified version of the 
application was used in training a group of 30 children.  
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1. Introduction 
Auditory-verbal education specialists are in many cases very few compared to the number of children needing 
therapy or the specialized centers are placed far away and therefore patients lack easy access to such services. Our 
solution to this problem is the introduction of more modern means of therapy based on computer programs 
implementing adaptive algorithms capable of assessing the degree of learning and adjusting the parameters of 
future exercises in accordance. In the near future, such tools will be very helpful in easing the work for the 
specialists while at the same time will improve the quality and availability of home practice means. This paper 
presents a computer application that respects these criteria and implements a simple noise differentiating exercise 
as well as the results of a study in which hearing impaired children were trained to associate non-verbal sounds 
with their emitters using a simplified version of the mentioned software. Our team discovered not only that the 
software can prove useful but surprisingly the subjects where more keen to perform their exercises when working 
with such tools. 
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2. Problem statement 
Auditory verbal education is responsible with the training of a hearing affected child in better using his 
hearing aid or cochlear implant. The final goal of the therapy is to teach the child to understand speech and learn 
how to communicate by means of verbal sounds [1], [2] in order to enhance his chances of integration in 
mainstream society. The classic approach in training the hearing impaired is mostly based on visits to specialists 
where the child is taught to use the residual hearing and include it in all areas of communication. At the same 
time the involvement of the parents is highly important as they not only represent a language model for the child 
but also their support generates a comfortable working environment that in turn leads to optimal development [3] 
[4]. Therefore parents work closely with the specialists in conducting the therapy, the former being trained in 
implementing the program at home.  
After investigating the initial auditory performance of the child, the therapy commonly passes a series of 
exercises structured upon the type of sounds used as stimuli, gradually increasing the difficulty and the required 
task as the child becomes more acquainted with his ability to hear. The three main categories of exercises 
generally used are [5], [6]: a) perceiving, identifying and differentiating non-verbal sounds and noises, b) 
perceiving and differentiating pre-verbal and verbal sounds, c) perceiving and differentiating among verbal 
sounds / words. Two of the common features of the above activities are the presence of the human factor and the 
template upon which the exercises are built: the specialist or the parent is the supervisor that plays sound stimuli 
associated with visual stimuli, the child being required to hear and learn how to correlate the two stimuli. At the 
same time the specialist is required to assess the degree the child had learned a certain category of stimuli and 
change the parameters of the exercises in accordance. At this point one can identify some problems that can 
affect the overall result of the training: First of all, if the number of trained specialists is low (in a given region) 
whereas the number of subjects is high then for any given subject the overall efficiency of training decreases as 
the amount of time spent with any child decreases. Secondly, the experience of the specialist is crucial in 
correctly assessing the current status of training for a child and as well in training the parent for implementing the 
therapy at home. It is obvious therefore that an automated and completely objective method of training can prove 
useful. This can provide the means for the child to practice auditory-verbal exercises at home or with little help 
from a specialized supervisor and at the same time be correctly guided in the process of learning. Moreover, 
increasing the amount of time the child spends at home means that the parents are better involved in the therapy 
process and thus the premises for an overall better auditory-verbal training program are fulfilled.  
3. Solution: computer controlled auditory-verbal exercises 
Our team worked on developing a modern computer program-based solution to overcome the above 
mentioned problems. Software applications capable of helping in training or evaluating hearing impaired children 
with assistance from the supervisor are known: for example the Ling 6 sound test is implemented for 
smartphones or tablets. Such computer programs are used as tools in the therapy process but depend on the 
supervisor as the driving element that adjusts the parameters of the exercise according to his experience and the 
current level of the child in mastering his hearing. Our goal was to minimize the implication of the supervisor in 
adjusting the parameters of the exercises due to the reasons presented in the previous chapter.  
Up to  this  point  our  team worked on three  versions  of  a  computer  program useful  in  the  early  stages  of  the  
auditory-verbal therapy when the child is being trained in perceiving and differentiating non-verbal sounds and 
noises. The first two versions of the program were built and tested [7], [8] in order to evaluate the quality of the 
implemented user interface and the overall architecture of such an application when actually used in the therapy 
process. The idea of close collaboration with the end users – the supervisors and the children – seemed rational 
and proved useful: their opinions and recommendations were incorporated in the subsequent version. The most 
significant improvements implemented consisted in the capability of recording the results of the training sessions, 
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a larger database of stimuli and a less colorful visual user interface that could distract the child from listening to 
the sound. At the same time, the second version was developed as a standalone application compared to the 
Adobe Flash based first version, thus no longer requiring the need of a web-browser or a virtual machine / run-
environment. The third and current version of the program implements the same interface as its predecessor (see 
Fig. 1) but in addition it features an adaptive algorithm [7], [8] capable of adjusting the learning parameters (i.e. 
the emission of sound stimuli) in accordance with the learning performance of the subject. This next step brings 
the intended ‘intelligence’ into play: the software is now capable of modifying the stimuli emitted in order to 
reinforce those categories where the child performed poorly and ignore the types of stimuli already learned. We 
thus introduce an adaptive learning algorithm that mimics one of the fundamental learning methods, rote-
learning (repetition learning), mandatory in the case of early auditory-verbal therapy exercises where children 
have to repeatedly be exposed to stimuli in order to memorize the type of source that emits the sound.  
 
 
 
 
 
 
 
 
Fig. 1 - Screenshots from the first two versions (first version is bellow) of the application. Notice the difference in user interface design, with 
the above application following the specialists' recommendation. 
4. Description of the application and preliminary results 
The auditory-verbal therapy computer application developed by the authors of this paper implements one of 
the most common exercises used in the early stages of the therapy. At this point the child is required to learn to 
identify different non-verbal sound stimuli by, for example, listening to recorded tapes. It is a crucial moment in 
the entire evolution of the therapy as the child is now trained to pay attention and maximize his residual hearing. 
The future stages of the therapy when the verbal sounds and then language will be learned depend on the child's 
ability to concentrate and fully exploit his residual hearing.  
Knowing that humans, starting from a very early age, use auditory-visual correspondence to perceive speech 
[9], [10], [11] we hypothesize that the same phenomenon may happen when correlating a non-verbal stimulus to 
its emitter visually represented. Therefore we decided to design the computer application as a two stage 
practicing method with a training stage where  the  child  is  required  to listen to sound stimuli while associated 
visual stimuli are presented on the screen and a testing stage implemented as a collection of questions with 
multiple answers that evaluates the degree of comprehension the subject has reached. In the latter case, the child 
will be required at every such 'question' to chose the most appropriate visual stimuli for the sound being played in 
the computer speaker. According to the results of the testing stage the supervisor is able to determine if a subject 
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can pass to the next stage of the therapy or he can adjust the classes and number of stimuli presented in the 
training session in order to stress those (for later training) at which the child scored less.  
The simplified, non-adaptive versions of our application, were tested with the help of personnel from 
“Gr dinita pentru hipoacuzici” in Bucharest. The first organized test was conducted on a batch of seven children 
and the results were more than encouraging [5]. It was discovered that children not only enhanced their hearing 
ability but also felt an increased motivation and wish to perform well at this type of exercise.  
The second version which included the improvements recommended by the personnel who worked with the 
previous  version  was  tested  on  a  larger  batch  of  30  children  of  age  3  to  8  years  old  with  audio  prosthesis  and 
some auditory training experience. The study included three main phases: An initial evaluation in which the 
children were tested to see how well did they score in identifying the stimuli. At the same time the goal of the 
initial evaluation was to offer the chance to get used to working with such a tool. A training phase in which the 
children worked with the application. This spanned over four weeks and included two sessions of 10 to 15 
minutes per week. Children were required to listen to sounds associated with images presented on the screen (the 
training stage of the application) - 30 to 50 images per session. When they signaled that they heard or didn't hear 
the sound the supervisor loaded the next image. Children were also required to perform tests at the end of each 
session (6 questions) in order to get used to this part of the application. A final evaluation in which children were 
required to test their gained abilities in identifying the non-verbal stimuli. At this point, all three categories of 
stimuli existing in the application (animals, nature, home) were used and the number of questions was seven.  
Comparing the initial and final evaluation results, in 11 cases progresses were made, 10 children obtained the 
same score in both the initial and final evaluation while 9 children obtained worse results. Thus in 70% of the 
cases the results were the same or better, showing that the computer program is able to prepare the children in 
differentiating non-verbal sounds and noises. We also believe that even better results could have been obtained if 
the final evaluation would have been placed closer in time to the end of the training phase. 
The specialists working with the children also reported the following important aspects: 
 many children, both in the initial and final evaluation selected most of the time the image on the right side of 
the screen or where they noticed that at least two consecutive correct answers were previously placed. 
Consequently they no longer concentrated to identify the correct image. 
 the support or the approval of the supervisor diminished as the training progressed 
 the final evaluation, even though identical to the initial evaluation in term of number of questions and used 
parameters, was performed a lot faster due to the familiarization with the software. Even the youngest children 
were able to correctly identify the phases of the process and how to use the program. 
 the stimuli category with the worst results was, surprisingly, the animals. The only valid explanation could be 
that the time passed between the training phase and the final evaluation was a bit too much.  
5. Adaptive learning and future enhancements 
The adaptive learning enhancement plays its role in diminishing the implication of the supervisor in the 
process of training by automatically deciding upon the future training parameters. This is implemented after 
every testing stage with routines that compute the identification error rate for every category of stimuli present in 
the application and then adjust the emission probability for stimuli that will be presented in the next training 
session. Thus, the probability that  stimuli with a lower degree of comprehension are more often generated is 
increased while the probability of emission of stimuli already learned is decreased. By doing so, the chances the 
child is presented with more stimuli that he did not learn is increased and hopefully the degree of comprehension 
for these stimuli is increased as well.  
Future enhancements for the application will include the introduction of a fuzzy inference system in the 
process of deciding upon the completion of the non-verbal stimuli identification stage. The fuzzy inference 
system will interpret a set of simple rules established with the experience and help of the specialized personnel 
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and will be based on criteria like mean identification error rate in the past sessions, standard deviation of the error 
rate, overall time spent on the current type of exercises. The goal is to score the subject and decide if he can pass 
to a subsequent level of training where he is able to learn the very first verbal sounds. This enhancement will 
furthermore diminish exterior interference bringing the application closer to the final goal of an intelligent tool 
for auditory-verbal training. 
6. Conclusions  
The conclusion of the study is brief but clear: using computer applications in trying to improve the classical 
auditory-verbal therapy provided benefits for the children as was seen in both [5] and in this paper. At the same 
time and backed by such encouraging results, further developing of the software applications was performed in 
order to shape the application as a truly intelligent tools able to overcome the problems mentioned at the 
beginning of the paper. With the introduction of such tools, the auditory-verbal therapy will for sure advance to a 
new level of efficiency  
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